BRIDGE DESIGN AIDS JUNE 1989 9-0

The following pages of Bridge Design Aids, Section 9, have been reviewed in May 1989 and found to
be valid and appropriate for continued use:

Page Date Title

9-1 May 1962 HS20-44 Loading

9-10 May 1962 Simple Beam Shear One Lane

9-10A Apr 1979 Simple Span Shear (Kips) - One Lane

9-11 thru 9-16 Apr 1963 Bending Moments-Simple Beam

9-20 thru 9-30 May 1962 Moments, Shears and Reactions for Continuous
Spans, One Lane Live Load

9-31 thru 9-36 Aug 1962 One Lane Live Load-Hinge at 1/5 Point

9-37 thru 9-42 Aug 1962 One Lane Live Load-Hinge at 1/6 Point

9-43-thru 9-48 Aug 1962 One Lane Live Load-Hinge at 1/7 Point

9-49 thru 9-54 Feb 1965 One Lane Live Load-Hinge at 1/8 Point

9-55 thru 9-60 Aug 1967 One Lane Live Load-Hinge at 1/9 Point

9-61 thru 9-66 Aug 1967 One Lane Live Load-Hinge at 1/10 Point

9-67 thru 9-72 Aug 1967 One Lane Live Load-Hinge at 1/11 Point

9-73 thru 9-78 Aug 1967 One Lane Live Load-Hinge at 1/12 Point

9-81 thru 9-81.5 Mar 1986 Table of Maximum Moments for Permit Load

9-95 Aug 1967 Steam Railroad Loading E-10

9-96 Aug 1967 Steam Railroad Loading E-10

These pages will be updated from time-to-time when significant changes in the technology occur.
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H20-516(44) Loading

TABLE OF MAXIMUM MOMEINTS, SHIARS AND REACTIONS
SIMPLE SPANS, ONE LANE

Spans in feet; moments in thousands of foot-pounds; shears and reactions in thousands of pounds.

These values are subject to specification reduction for loading of multiple lanes.
Impact is not included.
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*The concentrated load is considered placed at the support. Loads used are those stipulated for shear,
"Maximum value determined by Standard Truck Loading (ome H-3 truck).

* Maximom value determined by Special Loading (24,000 1b. donl axles spaced 40" ¢ to c.).

Unleas otherwise indicated, the mazimum values are determined by the Standard Lane Loading.
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BENDING MOMENTS IN BEAMS DUE TO A UNIFORM LOAD OF | KIP PER FT.

SIMPLE BEAM MOMENT AT GIVEN POINT

BOTH ENDS
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SIMPLE BEAM MOMENT AT GIVEN POINT

F.E.M.

BOTH ENDS
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SIMPLE BEAM MOMENT AT GIVEN POINT

BOTH ENDS
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BENDING MOMENTS IN BEAMS DUE TO A UNIFORM LOAD OF | KiP PER FT.
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SIMPLE BEAM MOMENT AT GIVEN POINT
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HOA DD AN A0 00

BRIDGE PLANNING AND DESIGN MANUAL

April 1963

9-16

SEmoaw™~OoONI TN
xOMEOMVOMNVURM
EODOO el vl v (2 02 O0 TGN

LAl Wl W AT Nl s

F.E.M,

ONE END

NAD AN HO AN A0

aNCTDOTMUHDCO
W{OOMONOOWO
SNV DOO0O

b i T -

A &

oMo AHDN HO

UMY~ g0O0
ME~OCHCOWNOoOWo
MM TnWOO~~D
b B - e - B - -

J &

nNnuk~rOO-0haT 0

OO0 w-HMTOVODO
oMM 0o
SDOMOO O A
(TN T A A - - - - -2

2 &

ONHANOMN N HO

VL. ONMNTCDO
DS~ ~-0MOo
LRI OOO A2
A v Mol A AW W W W AT st

J&

NMVORVHNTNROO

THOOM-HOOT RO
N~ TODO
(R RT AT R R o ol ol ol ol 1)
T P o e o el el e e g

WL2

OFT OOV T™HO
OCTCCYTMNOHOOOO
HToNVOT YO
VOO~ DDIO0O
T T Y TN LT L

SPAN

OriliM9IunOE~-OMHO
DAV OOV On O
o o e e e e e e O




VOL. Il Design Aids

Moments, Shears, and
Reactions for Continuous Spans
Live Loading H20-516-44

(a} General

The following live load tables may be used for most
designs. The left side of the table lists maximum
simple beam moments and fixed end moments that re-
gult from the loading that produces that simple beam
moment. The right side of the table lists maximum
fixed end moments and the simple beam moments that
result from the loading that produces that fixed end
moment. The center of the table lists maximum shears
and reactions. Accuracy is within 2% for members with
uniform or nearly uniform moment of inertia.

For extremely unbalanced spans or for spans ad-
jacent to hinges. The designer will have to determine
the loading which will produce maximum moments.

The waluves for moments, shears, and reactions are
for one lane of H20-516-44 loading without impact.
Either alternative loading or lane loading has been
used where these loadings produce more critical
stresses than the Standard H-5 Treck,

The following discussion summarizes the assump-
tions and decisions made in the development of these
live load tables.

{b) Moment at Midspan

To obtain the maximom positive moment at midspan,
the span was loaded to obtain the maximum SBM. Al-
though the assumption that the maximum SBM occurs
at midspan is not strictly correct except where only
one axle of the truck is on the span or where the lane
loading is used, the eror introduced is considered to
be insignificant. The decision to change loading was
made on the basis of the positive moment after the
FEM's were distributed, assuming distribution factors
of 0.50 at the joints. The figure used in this calcu-
lation is shown below.

Loaded 3pan

The spans on which the loadings are changed in
this section of the table will not be the same as the
spans shown in the table on page 4D.2.7-1 because
the table shown on page 4D.2.7-1 is for simply sup-
ported spans.

When the adjacent spans are between 0.75L and
1.33L in length, assuming the loaded span to be of
"L" length, the maximum resulting error in positive
moment at midspan is 1.35%.

There is no significant error if an adjacent span is
"L"in length and has a hinge located between 0.175L
and 0.20 L, from the far end of the span being designed.

For the case where the hinge is located between
0.175L and 0.20L from the near end, adjacent to the
loaded span, the maximum error is slightly less than
5%. Since this maximum error occurs at a span of 14'
it is recommended it be ignored.

BRIDGE PLANNING AND DESIGN MANUAL
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For your information, the tabulation below shows the

limits for each loading for this particular case.

QITAL or D.20L

‘ TN [T
L L

Loading | Span in feet
Truck 1to 12
Altermnative 13 to 39
Truck 40 to 155
Lane 156 on up

{c) Moments for 0.2 or 0.8 points

Since the LL positive envelop curve is not an exact
parabola, the SBM's and the FEM's are given for the
loadings at the 0.2 point of a span fixed at both ends.
The change in type of loading was determined on the
basis of the positive moment at the 0.2 point after the
FEM's were distributed, assuming distribution factors
of 0.50 at the joints.

If the adjacent spans are between 0.75L and 1.33L
in length, assuming the loaded span to be of "L"
length, the values in the table may be used up to a
span length of 225' with a maximum error of 5%. Be-
yond a span length of 225' the designer should deter-
mine whether the Truck or the Lane Loading is the
critical loading if the adjacent spans are not the same
length as the loaded span.

0J7T8L or 0.20L

= I -

r © d
L L

When one of the adjacent spans has a hinge located
0.175L or 0.20L from the far end, locations "a" and
and "d" in the figure above, the table values may be
used without any error. For the hinge located at "¢,
the maximum error is 1%. In case the hinge is placed
at "b", the tabulation shown below is to be used to
determine whether a loading different from that in the
table should be used for a particular span length.

s,

Loading | Span in feet
Truck I lto9
Alternative 10 to 32
Truck 33 to 168
Lane | 169 on up
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{d) Spans Simply Supported at One End

The FEM's and the SBM's for spans simply sup-
ported at one end have been given at the 0.2, 0.4, 0.6,
and 0.8 points of the span. The change in loading was
made on the basis of the positive moment at the point
under consideration, assuming that the distributed LL
moment at the first interior support is equal to 46.42
percent of the FEM. This percentage is based on dis-
tribution factors of 0.50 at the joints, the end span
being % the length of the interior spans.

Mo significant error, 1% or less, is introduced even
if the end span is the same length as the interior spans
except for the loadings at the 0.8 point where the error
may be as high as 10%. Therefore, when the end span
is approximately the same length as the interior span,
it may be necessary for the designer to use a loading
other than that shown in the table for the 0.8 point.
To help in determining when this is the case, the
tabulation below shows the limits of each loading for
the case where the end span and interior spans are of
length "L".

Loading E Span in feet
Truck 1to 17
Alternative 18 to 59
Truck 60 to 262
Lane 263 on up

If the end span is one-half the length of the interior
spans, a maximum error of 1% may result except for
the loadings at the 0.8 point where the error may be
as high as 9%. To help in determining whether another
loading should be used for the 0.8 point when the end
span is approximately one-half the length of the in-
terior spans, the tabulation below shows the limits for
each loading when the end span length is one-half"L".

Loading | Span in feet
Truck 1to 11
Alternative 12 to 37
Truck 38 to 190
Lane 191 on up

(e) Maximum Shears and Reactions

To help in plotting the shear diagram, the LL shear
at midspan is given. The designer should note that the
LL values given in this table may have to be increased
for moment shear.

(f) Negative Moments

In calculating the FEM's for the negative moments,
the loadings were placed so as to obtain a maximum
FEM at joint B. The assumption that the maximum
final distributed moment will result from the maximum
FEM @ B is in error in the order of 0.3% for a span
continuous at both ends.

To calculate the maximum negative moment at a
joint, the Lane Loading is usually the governing load-
ing except for spans 45 feet or less in length where
the Truck Loading with its 32 kips axles variably
spaced from 14 feet to 30 feet inclusive may povern.
A separate table will be issued to handle this case.
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For very short spans adjacent to relatively long
spans, the Truck Loading placed in the long span may
give higher negative moment at the joint under con-
sideration than if the Lane Loading was placed on
both the short and long spans. Therefore, the SBM's,
FEM's, and lccation of the rear axle of the Truck have
been given for this case up to 125 feet for the span
simply supported at one end and 144 feet for the span
fixed at both ends. Beyond these span lengths, the
Lane Loading will give a higher FEM = B.

Where the Truck Loading is used to obtain the maxi-
mum longitudinal moment for the design of columns,
the simple beam reaction at the bent may be obtained
by dividing the "SBM" by "aL".

(g) Spans with Hinge Pomnts

Tables for One Lane Live Load for span in which a
hinge occurs at 1/5, 1/6, 1/7, 1/8, 1/9, 1/10, 1/11
and 1/12 points are also included.
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